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If you do not have time to read all this 
report straight away, we suggest you read 
the summary on page 1 and see how your 
fields are performing environmentally in 
the Tables and Figures. 
O10: Peas field 
O11: Wheat field 
O12: Barley field 
C10: Peas field 
C11: Wheat field 
C12: Barley field 
  
 
 
 
 
 
 
 
 
 
 
 
 
“Modern agricultural research has taught the farmer to profiteer at the 
expense of posterity. In businesses such attitudes result in bankruptcy” 
(Sir Albert Howard, 1940) 
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SUMMARY 
 
Natural and modified ecosystems support human life through nature’s services or 
ecosystem services (ES). ES include services such as pollination of crops, biological 
control of pests, weeds and diseases, carbon sequestration, soil formation and 
protection, nutrient mineralisation, water regulation, air purification etc. ES are vital for 
human existence on earth; for example, a decline in the pollinators of crops would have 
serious economic implications; or a disruption of the carbon cycle could bring rapid 
climate change and thereby threaten the very existence of civilization.  
 
The importance of ES or nature’s services is now very well established and ES have 
been demonstrated to be of very high economic value. However, intensification of 
agriculture in the last century has resulted in the substitution of many ES with chemical 
inputs. An example is the use of urea in place of nitrogen fixation and insecticides in 
place of pest-eating predators. This has resulted in some serious detrimental effects 
which have led to worldwide concerns about the environmental consequences of 
modern agriculture. Moreover as the world approaches ‘peak oil’, so called 
conventional agriculture may no longer be able to depend as heavily or as easily on oil-
derived ‘substitution’ inputs. Population growth and increasing food demands in the 
next 50 years also pose great challenges to the sustainability of modern farming 
practices. 
 
The current study recognises these challenges and in accordance with the maxim “what 
is measured, counts”, is designed to estimate the provisions of nature’s services on 
farmlands in Canterbury. It identifies and quantifies the extent of ES under different 
arable farming systems.  
 
In this study arable production systems in Canterbury are evaluated to provide estimates 
of their contribution towards the ‘natural capital’ of the nation. This research also 
calculates the economic value of key ES and thereby assesses their worth on farmland. 
Once the levels of ES are known, new eco-technologies based on novel and sound 
ecological knowledge can be targeted to enhance ES to improve farm incomes and 
replace unsustainable inputs. This ensures long- term sustainability of farms. 
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1. INTRODUCTION 
 
Agricultural activities before the twentieth century were mainly dependent on crop 
rotation and natural control of pests and diseases. Farmers were able to meet the food 
requirements of the populations without being highly dependent on external chemical 
inputs. They had an instinctive, if not scientific, understanding of nature and its 
services. 
 
However, since the onset of the industrial revolution, and now more than ever before, 
farmers are increasingly becoming very susceptible to pressures imposed by expanding 
international food markets. Modern agriculture is feeding more than six billion people 
and in the next 50 years, the human population is projected to grow to nine billion and 
the global grain demands will double. The markets and the populations thus demand 
higher production and year around availability of many products. This has led to 
massive expansion and intensification of agriculture. Intensive agriculture is heavily 
dependent on fossil fuels, chemical fertilizers and toxic pesticides. This overt 
dependence on chemical inputs has lead to some very serious detrimental effects on the 
environment. These “external costs” of chemical dependent and intensive agricultural 
practices include severe damages to soil fertility, water and biodiversity loss and loss of 
human health. 
 
This has led to world wide concerns about the environmental consequences of modern 
agriculture. Coupled with this are the more pragmatic reasons. As the world approaches 
‘peak oil’, agriculture may no longer be able to depend so heavily on oil-derived 
‘substitution’ inputs.  
 
The key challenge thus is to meet the food demands of a growing population and yet 
maintain and enhance the productivity of agricultural systems. There is thus now an 
enhanced interest in the services provided by nature. 
 
Nature’s services or ecosystem services (ES) and goods are the benefits that we derive 
from nature in the form of food, timber, biomass fuels, natural fibres etc.  In agriculture, 
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nature’s services include pollination of crops, biological control, carbon sequestration, 
soil formation and protection, nutrient mineralisation, water regulation, air purification 
etc. They are so fundamental to life that they are easy to take for granted, and so large in 
scale that it is hard to imagine that human activities could irreplaceably disrupt them. 
And yet the recently concluded UN-funded Millennium Ecosystem Assessment states 
that approximately 60 percent of ecosystem services evaluated are in a state of decline. 
In agriculture it is primarily due to extensive intensification. The need, thus to assess the 
threats to ES, is acute in agriculture so that agricultural landscapes can increase the rate 
at which they provide multiple services without further degradation and meet the 
growing demands of increasing populations.   
 
1.1. Aim of the study 
 
Agriculture contributes a 16 percent share of the annual GDP in New Zealand. About 
half of the New Zealand land area is under pastoral and arable agricultural production. 
Arable landscapes are actively engineered systems, designed to maximize the delivery 
of socially valued goods and services. Some arable systems can reduce the ability of the 
ecosystem to provide goods and services while others may actually enhance the delivery 
of these services (thus ES may be more important in organic production systems as 
these systems are more dependent on ES for the production of food and fibre). To 
understand the provisions of ES under different arable farming systems is thus crucial 
for ensuring the long- term sustainability of these farms.  
 
The focus of this study is on one sector of an engineered ecosystem (arable farming) 
and since Canterbury is the major arable growing area in New Zealand, this study 
identifies and experimentally assesses the key ES (biological control of pests, soil 
formation, and mineralization of plant nutrients) on Canterbury arable farms. It 
addresses both conventional and organic systems and also estimates the economic value 
of the key ES identified. It thereby assesses the worth of ES on arable farmland.  
 
This study thus attempts to provide estimates of the contribution of ES towards the 
‘natural capital’ of the nation. Once the levels of ES are known, new technologies based 
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on novel and sound ecological knowledge can be targeted to enhance ES to improve 
farm incomes and replace unsustainable inputs.  
 
1.2. Nature’s (ecosystem) services associated with arable farming  
 
Key recent publications estimated the value of global ecosystem goods and services, 
i.e., the economic value of global ES was calculated to be US $33 trillion per year, the 
economic value of biodiversity in New Zealand was estimated to be NZ $44 billion for 
the year 1994 using a value transfer method. There has been considerable progress in 
the development of a conceptual framework for the study of ES and mechanisms to 
evaluate the benefits derived from natural systems. However, there exists a significant 
gap in the recognition and understanding of ES in agricultural landscapes although the 
need for this knowledge is acute due to a growing population and increasing food 
demands, which will double by 2050.  
In this study ES have been identified in agricultural landscapes based on literature and 
discussion with experts and are summarised in table 1.1.   
 
 
Table 1.1 Nature’s (ecosystem) services associated with arable farming  
 
Provisioning services Regulating services Cultural services 
Food Hydrological flow Aesthetic 
Raw material   Recreation 
Fuel wood   Science and education 
Conservation of species     
Maintenance of genetic 
resources 
    
  Supporting services   
Pollination Mineralization of plant nutrients Support to plants 
Biological control Soil fertility Soil formation 
Carbon accumulation Soil erosion control Nitrogen fixation 
    Shelterbelts 
 
 
 
 5
1.3. Magnitude of ecosystem services associated with arable farming systems 
 
In the current work estimates are provided about the magnitudes of identified ES under 
different farming systems in New Zealand using Delphi technique. A Delphi panel of 
experts was chosen to assign the magnitudes of ES (on the scale of 1-5) for each of the 
ES under different arable farming systems in New Zealand. The panel comprised two 
research scientists (Lincoln University), one Agribusiness Consultant (Agribusiness 
Group, Christchurch) and the Director of Farms (Lincoln University). The experts 
completed the information in the first-round by assigning values on the scale of 1-5. The 
results were then sent to each member independently to invite them to modify their 
responses in the light of the evidences provided by other panel members. The second-
round results are presented in Table 1.2 after the panel came to a consensus over the 
estimation of ES magnitudes. Best current practice is valued at scale 5, so there is at 
least one 5 in each row but rows cannot be compared. 
 
Table 1.2 reports that many ES in traditional agriculture were given a medium rating.  
This reflects the fact that traditional agriculture is a reference point for the other 
agriculture systems. Keeping this in mind, it is noteworthy that most ES under 
conventional agriculture scored relatively lower than ones under traditional agriculture, 
except for food production.  This indicates that conventional agriculture has negative 
impacts on several ES and lower ability to deliver some ES.  On the other hand, the 
organic agriculture system achieved near the highest ratings in most of the ES attributes.  
The organic practices are judged to provide high levels of most ES except for food 
production. Conservation and Biodynamic agriculture systems are rated as somewhere 
between the traditional and organic agriculture systems. 
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Table 1.2 Estimated magnitudes of ecosystem services associated with arable farming systems using 
the Delphi technique- see text. 
 
    Biodynamic 
Agriculture 
Organic 
Agriculture
Traditional 
Agriculture 
Conservation 
Agriculture 
Conventional 
Agriculture 
  Provisioning 
services 
     
1 Food 2 2 3 5 5 
2 Fuel wood 4 5 3 2 2 
3 
Conservation of 
species 
5 5 3 4 1 
4 
Medicinal 
resources 
5 5 3 3 2 
  
Regulating 
services 
     
 5 
Gas and climate 
regulation 
5 5 3 4 2 
6 
Water regulation 3 5 2 3 1 
7 
Disturbance 
prevention 
3 3 3 5 3 
  Cultural services      
8 Aesthetic 5 4 3 3 2 
9 Recreation 4 5 2 2 1 
10 
Cultural and 
historic 
4 4 5 4 2 
  
Supporting 
services 
     
11 Pollination 5 5 3 3 1 
12 Biological control 5 5 3 3 1 
 13 
Services provided 
by soil 
     
 a 
 Carbon 
accumulation 
3 4 3 5 2 
 b 
 Mineralization of 
plant   nutrients 
4 5 3 4 3 
 c 
 Soil erosion 
control 
4 5 3 4 2 
 d  Support to plants 5 5 3 4 2 
 e  Soil formation 4 4 3 5 2 
 f  Nitrogen fixation 5 5 4 3 2 
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2. STUDY SITES 
 
Canterbury is the major arable area of New Zealand. There are 10,000 farms with a total 
farmed area of 3,150,891 ha, of which 205,724 ha is under arable and fodder crops and 
fallow land, comprising 2900 farms. The remainder consists of land in horticulture, 
grasslands, forest plantation, etc.  
 
A total of 30 fields were selected in September 2004, distributed over the Canterbury 
Plains comprising of 14 organic and 15 conventional fields and 1 conservation 
agriculture field with mean area of 10 ha. Of the 14 organic fields, seven were certified 
by AgriQuality, New Zealand and seven by BioGro, New Zealand. Both certifiers are 
accredited with IFOAM, the International Federation of Organic Agriculture 
Movements. 
 
 
Codes O1-O14 for the organic fields and C1-C15 for the conventional ones and CA1 for 
conservation agriculture field were assigned. 
 
All the fields were marked using GARMIN GPS 12XL by taking GPS readings at the 
four corners of each field. The fields were mapped by using ArcGIS 9 and are shown in 
Fig. 2.1 below.   
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Fig. 2.1 Map of New Zealand showing the study area (selected fields). Arrow indicates your fields. 
 
2.1. Customized profile of individual fields 
 
The organic fields; peas field (O10), wheat field (O11) and barley field (O12) and 
conventional fields; peas field (C10), wheat field (C11) and barley field (C12) were 
selected from your farm for the evaluation of different ES. Soil samples from both fields 
172o0’E 172o30’E 
44o0’S 
44o30’S 
172oE 178oE 
35oS 
44oS 
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were taken using standard sampling procedures after consultation with the Lincoln 
University soil science group and sent to Hill Laboratories, Hamilton for testing. 
 
The results are presented in Table 2.1. Olsen P was lower than the average in all the six 
fields. Potassium was also found to be lower than the average in all the fields except 
O10 and C10. 
Table 2.1 Soil analysis for the selected fields. Highlighted rows indicate your fields’ data.  
me/100g (milli equivalent/100grams), mg/L (milligrams/litre). 
 
  Fields pH Olsen 
P 
(mg/L) 
Potassium 
(me/100g) 
CEC 
(me/100g) 
Base 
Saturation 
(%) 
Bulk 
Density
(g/cm3) 
Total 
Carbon 
(%) 
Total 
Nitrogen 
(%) 
1 O1 5.8 9 0.3 12 60 1.02 2.5 0.25 
2 O2 5.8 12 0.83 14 56 0.93 3.2 0.32 
3 O3 6.2 10 0.38 16 66 0.95 3.4 0.34 
4 O4 5.7 18 0.5 13 50 1.02 2.5 0.25 
5 O5 6.2 13 0.96 14 64 0.99 2.7 0.25 
6 O6 5.9 12 1.06 16 68 0.99 2.7 0.27 
7 O7 6 42 0.91 15 63 0.96 3.1 0.31 
8 O8 6 11 0.18 13 59 1 2.6 0.26 
9 O9 6.2 8 0.49 16 69 1.02 2.8 0.27 
10 O10 6 7 0.6 15 64 0.97 2.8 0.27 
11 O11 6.3 8 0.37 14 71 1.01 2.4 0.23 
12 O12 6.2 12 0.4 14 68 1 2.4 0.21 
13 O13 5.8 6 0.33 14 57 0.99 3 0.29 
14 O14 6.2 8 0.65 14 65 1.03 2.6 0.25 
15 C1 6.3 11 0.24 17 74 0.92 3 0.31 
16 C2 5.5 16 0.36 12 53 1.08 2.1 0.2 
17 C3 5.7 19 0.24 13 48 0.96 3 0.28 
18 C4 5.9 24 0.42 15 60 1.01 2.7 0.25 
19 C5 6.4 25 0.56 15 70 1.03 2.4 0.23 
20 C6 5.3 36 0.66 17 61 1.01 2.9 0.26 
21 C7 5.9 15 0.29 14 57 1.02 2.8 0.25 
22 C8 6.2 15 0.32 16 67 0.96 3 0.3 
23 C9 6.2 16 0.4 14 66 1.05 2.3 0.22 
24 C10 5.7 14 0.66 16 56 0.94 3.1 0.3 
25 C11 6 11 0.34 14 64 0.98 2.5 0.24 
26 C12 6 13 0.22 15 66 0.98 2.8 0.27 
27 C13 6 30 0.42 17 70 0.98 3.1 0.31 
28 C14 6.4 21 0.5 17 76 1.02 3 0.29 
29 C15 5.9 20 0.33 12 55 1.08 2.6 0.23 
30 CA1 6.3 20 0.6 24 80 0.93 4.1 0.42 
 
 
 
 
 
Comment: Bulk density was higher than the average in 
all the organic fields (O10, O11 and O12) but lower in 
conventional fields (C10, C11 and C12).  
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Fig. 2.2 Analysis of total carbon (%) and bulk density (g/cm3) of soil in selected fields. 
 Arrow indicates your fields. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        Total carbon (%) in organic fields
        Total carbon (%) in conventional fields
        Bulk density (g/cm3) 
Comment: There was no difference in bulk 
density of all the six fields than the average. 
Total carbon was lower than the average in all 
the fields except conventional field C10. 
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3. BIOLOGICAL CONTROL OF PESTS 
 
Natural pest control services provided by their natural enemies prevent the outbreaks of 
pests and stabilize the agricultural systems world over. It is estimated that 99 per cent of 
agricultural pests and diseases are controlled by their natural enemies - predators, 
parasites, and pathogens. Such ‘natural’ suppression is of great significance in organic 
agriculture as that system is more dependent on such services to keep pest populations 
low. The process of pest removal by soil-surface predators was assessed in the current 
work. 
 
3.1. Assessing the predation rate of aphids and fly eggs in arable fields in 
Canterbury  
 
Aphids in many arable crops and the carrot rust fly in carrots are important pests in 
Canterbury. Live pea aphids were used and frozen eggs of the blow fly were simulated 
carrot rust fly eggs. Predation of these two prey items was assessed in all the fields on 
each of two dates: November 2004 and January 2005 and are presented in Figs 3.1 and 
3.2. Mean rate of predation in organic and conventional fields is presented in Fig. 3.3.  
 
Table 3.1 shows the predation rates of aphids and fly eggs in individual fields during 
Nov 2004 and Jan 2005.  
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Table 3.1 Rates of predation of aphids and fly eggs during Nov 2004 and Jan 2005 in selected fields. 
Highlighted rows indicate your fields’ data. 
 
  Field type                     Aphid predation                     Fly egg predation 
  
  
Rate of predation 
(%removal/24h) 
during Nov 2004 
Rate of predation 
(%removal/24h) 
during Jan 2005 
Rate of predation 
(%removal/24h) 
during Nov 2004 
Rate of predation 
(%removal/24h) 
during Jan 2005 
1 O1 80 0 75.7 0 
2 O2 0 42.8 0 24.2 
3 O3 13.3 39.2 34.8 37.8 
4 O4 3.3 26.2 19.6 50 
5 O5 6.6 5.9 13.6 18.2 
6 O6 6.6 20.2 24.2 45.4 
7 O7 10 0 40.9 0 
8 O8 3.3 4.7 18.2 28.7 
9 O9 6.6 20.2 15.2 37.8 
10 O10 26.6 0 30.3 0 
11 O11 26.6 35.7 33.3 40.9 
12 O12 36.6 48.8 21.2 28.7 
13 O13 6.6 14.2 5.9 18.2 
14 O14 3.3 11.9 15.2 40.9 
15 C1 0 0 4.5 0 
16 C2 0 5.9 0 3 
17 C3 3.3 0 1.5 0 
18 C4 3.3 3.5 4.5 0 
19 C5 0 0 6 6 
20 C6 3.3 0 4.5 0 
21 C7 0 0 6 0 
22 C8 0 0 0 3 
23 C9 0 0 0 0 
24 C10 13.3 0 13.6 0 
25 C11 6.6 0 10.6 4.5 
26 C12 6.6 0 4.5 0 
27 C13 0 0 0 0 
28 C14 0 2.3 0 6 
29 C15 3.3 0 6 0 
30 CA1 70 60 72 86.3 
 
 
 
 
Comment: Predation of aphids and fly 
eggs was found to be very high in the 
organic fields as compared to conventional 
fields. 
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Fig. 3.1 Predation rate (% removal /24h) of aphids in selected fields, November 2004 and January 
2005. Organic fields are O1-O14, conventional fields are C1-C15 and conservation agriculture field 
is CA1. Arrow indicates your fields. 
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Fig. 3.2 Predation rate (per cent removal /24h) of fly eggs in selected fields, November 2004 and 
January 2005. Organic fields are O1-O14, conventional fields are C1-C15 and conservation 
agriculture field is CA1. Arrow indicates your field. 
 
Comment: Predation rate of aphids increased during Jan 
2005 as compared to that during Nov 2004 in organic fields. 
Comment: Predation rate of fly eggs also increased during Jan 
2005 as compared to that during Nov 2004 in organic fields. 
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Fig. 3.3 Mean rate of predation (per cent removal/24h) of aphids and fly eggs in selected fields. 
 
 
 
 
 
 
 
 
 
3.2. Economic value of biological control of aphids and carrot rust fly in arable 
fields  
 
The economic value of background biological control of aphids and the carrot rust fly is 
estimated by using avoided cost (AC) of pesticides based on the cost of pesticides 
(conventional farmers’ spending to control aphids and carrot rust fly), and total avoided 
cost (TAC) of pesticides that includes $87/ha/yr as the external cost of pesticides. 
The economic value of biological control of aphids and carrot fly are presented in Figs 
3.4 and 3.5, respectively. 
Comment: Predation rates of aphids and fly eggs 
were significantly higher in organic fields as 
compared to conventional ones during November 
2004 and January 2005. 
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Fig. 3.4 Economic value of biological control of aphids in organic and conservation agriculture 
fields. Total avoided cost includes external cost also. Arrows indicate your fields. 
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Fig. 3.5 Economic value of biological control of carrot rust fly in organic and conservation 
agriculture fields. Total avoided cost includes external cost also. Arrows indicate your fields. 
 
 
 
 
 
Comment: Economic value of biological control of aphids was 
demonstrated only in organic fields. It was found to be $21.5/ha/yr 
(avoided cost) and $50/ha/yr (including external cost) in O10, $64.5/ha/yr 
(avoided cost) and $150/ha/yr (including external cost) in O11, $86/ha/yr 
(avoided cost) and $200/ha/yr (including external cost) in O12. 
Comment: Economic value of biological control of carrot fly was 
demonstrated only in organic fields. It was found to be $18.9/ha/yr 
(avoided cost) and $47.7/ha/yr (including external cost) in O10, 
$56.3/ha/yr (avoided cost) and $143/ha/yr (including external cost) in 
O11, $18.9/ha/yr (avoided cost) and $47.7/ha/yr (including external cost) 
in O12. 
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4. SOIL FORMATION 
 
Soil formation is an important ecosystem service provided by soil biota. Earthworms are 
the most important component of the soil biota in terms of soil formation and 
maintenance of soil structure and fertility. Earthworms bring between 10 and 500 
tonnes/ha/yr of soil to the surface and it was estimated that soil biota aids the formation 
of approximately 1 tonne/ha/yr of topsoil. Under agricultural conditions it takes 
approximately 500 years to form 25 mm of soil, whereas under forest conditions it takes 
approximately 1000 years to form the same amount. Earthworms are also beneficial by 
maintaining soil nutrient levels by mixing the soil. Their activities bring sub-surface 
soil, providing nutrients in the plant root zone. In the current work, soil formation 
through the activities of earthworms was assessed by sampling their populations to 
provide an estimate of the quantity of soil formed/ha/yr. 
Sampling was done during the spring as earthworm populations are generally highest at 
this time in New Zealand. The results are given in table 4.1. There were no significant 
differences between organic and conventional fields. However, earthworm populations 
increased significantly with the number of years the farm has been certified organic 
(Fig. 4.2). 
 
4.1. Economic value of soil formation 
 
The economic value of earthworms in soil formation in this work is presented in table 
4.1. Mean earthworm biomass is 0.2g and on an average, one tonne of earthworms 
forms 1000kg of soil per hectare annually. The value of top soil in New Zealand is 
NZ$33.75 per ton. From these assumptions and economic information, the value of soil 
formation was calculated and is presented in Fig. 4.1.  
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Table 4.1 Earthworm populations, biomass, soil formation and their economic value in soil 
formation in selected organic (O1-O14), conventional fields (C1-C15) and conservation 
agriculture field (CA1). Highlighted rows indicate your fields’ data. 
 
Field 
type 
Earthworm 
count 
(no./m2) 
Biomass 
(kg/ha) 
Soil 
formation 
(kg/ha/yr) 
Soil 
formation 
value 
($/ha/yr) 
O1 116 232 232 7.88 
O2 212 424 424 14.41 
O3 176 352 352 12 
O4 28 56 56 1.9 
O5 48 96 96 3.26 
O6 240 480 480 16.32 
O7 12 24 24 0.81 
O8 84 168 168 5.71 
O9 92 184 184 6.25 
O10 244 488 488 16.6 
O11 108 216 216 7.34 
O12 244 488 488 16.6 
O13 200 400 400 13.6 
O14 44 88 88 3 
C1 116 232 232 7.88 
C2 104 208 208 7.07 
C3 164 328 328 11.15 
C4 116 232 232 7.88 
C5 36 72 72 2.44 
C6 76 152 152 5.16 
C7 116 232 232 7.88 
C8 104 208 208 7.07 
C9 42 84 84 2.85 
C10 96 192 192 6.52 
C11 184 368 368 12.51 
C12 60 120 120 4.08 
C13 60 120 120 4.08 
C14 148 296 296 10.06 
C15 68 136 136 4.62 
CA1 412 824 824 18.95 
 
     
                Comment: The population of earthworms was 244/m2, 108/m2 and 244/m2 in O10, O11 and O12, 
respectively in organic fields and 96/m2, 184/m2 and 
60/m2 in C10, C11 and C12, respectively in 
conventional fields. 
It was found that the population in O11, C10 and 
C12 were below the average of 125/m2.  
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Fig. 4.1 Earthworm populations (no. /m2) and their economic value in soil formation ($/ha/yr) in 
selected organic (O1-O14), conventional fields (C1-C15) and conservation agriculture field (CA1). 
Arrows indicate your fields. 
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Fig. 4.2 Earthworm population (no. /m2) in organic fields in relation to the number 
 of years since conversion to organic. 
    No/m2, Organic fields
    No/m2, Conventional fields
    Value ($/ha/yr) 
Comment: The economic value of earthworms in soil formation 
was $ 16.6/ha/yr, $7.34/ha/yr and $16.6/ha/yr in O10, O11 and O12, 
respectively in organic fields. And it was $6.52/ha/yr, $12.51/ha/yr, 
$ 4.08/ha/yr in C10, C11 and C12, respectively in conventional 
fields. 
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5. MINERALISATION OF PLANT NUTRIENTS 
 
Organic matter breakdown carried by soil micro organisms and invertebrates is one of 
the most important services provided by soil. Through decomposition, plant residues are 
broken down, releasing previously organically-bound nutrients such as nitrogen for use 
by plants.   
 
Mineralisation of plant nutrients was assessed in 30 fields using bait lamina probes. 
These are strips of rigid plastic with a series of two mm holes (16) drilled into them. 
These are filled with gel comprising of cellulose, agar-agar, bentonite and wheat bran 
that matches to some extent the key constituents of dead plant material on or in the soil. 
The probes were inserted in the ground for 10 days in January 2005. Soil micro-
organisms and invertebrates consume the ‘bait’ and the number of holes that are empty 
(partially or fully) gives a measure of the rate of mineralisation. 
 
The mean rate of mineralisation is calculated as the mean removal of baits and is given 
in Fig. 5.1.  
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Fig. 5.1 Mineralisation of plant nutrients (mean per cent removal of bait) using bait lamina probes 
and economic value ($/ha/yr) in selected organic (O1-O14), conventional fields (C1-C15) and 
conservation agriculture field (CA1). Arrows indicate your fields. 
 
 
 
 
 
 
 
 
5.1. Economic value of plant nutrient mineralisation 
 
 In this study, economic value of mineralised nitrogen provided by soil micro organisms 
and invertebrates is assessed using the mineralisation of organic matter data obtained 
from field experiments. The total organic matter content in the fields was estimated 
using the total weight of soil and total nitrogen obtained from soil testing results. It was 
based on the assumptions that the ratio of organic matter to nitrogen is 20:1. The total 
amount of nitrogen mineralised was estimated and valued at the equivalent price of 
N/kg. Table 5.1 presents the value of mineralised nitrogen in each of the field. 
           Organic fields 
           Conventional fields 
           Value ($/ha/yr) 
Comment: Rate of plant nutrient mineralisation 
was lower than the average in all the fields except 
O12 and C11. 
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7. CONCLUSIONS 
 
The current study was designed to assess the consequences of arable farming on the 
provisions of ES at the field level in Canterbury. This study demonstrates that arable 
farming is both a consumer and a provider of the three key ES. Rates of ES were 
observed to be generally higher on the organic fields studied. This could be attributed to 
the fact that organic farmers utilize natural biological control services for the 
suppression of pests. Conventional farmers do not depend on these natural services as 
shown by low levels of background biological control on their fields. However the soil 
formation by earthworms and mineralisation services provided by soil micro and macro 
fauna were found to be severely damaged in both the organic and the conventional 
systems.  
There is thus a great potential to improve these nature’s services on arable farms using 
the principles of ecological engineering to enhance biological control, conservation 
agriculture, zero or no tillage practices etc. An understanding and appropriate utilization 
of ES can thereby ensure the long term sustainability of arable farms. 
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